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REDUNDANT VACUUM SYSTEM FOR AIRCRAFT
INSTRUMENTS |

- This application is a continuation-in-part of applica-
tion Ser. No. 202 940 filed Nov 3, 1980, now aban-
._doned |

FIELD OF THE INVENTION

- The present invention relates to instrument systems
for aircraft and more particularly to vacuum and pres-
sure operated instrument systems and to redundant
vacuum and pressure sources for such systems.

- BACKGROUND OF THE INVENTION

- The instrument systems in many single engine aircraft

~commonly include a number of instruments such as a

heading indicator, an attitude indicator, and a turn and
bank indicator, each being vacuum operated. In those
- systems, the aircraft engine drives a vacuum pump, and
the instruments described are connected by vacuum
lines to the vacuum pump. While such a system is usu-

ally provided with a vacuum gauge to indicate to the
pilot any failure in the vacuum system, wherein the pilot
can then revert to visual flight, in some instances, such
as when visibility 1s poor, failure of the vacuum system
can be critical. In other single engine aircraft these same
Instrument systems are dependent on an air pressure
source rather than a vacuum source. Here the aircraft
engine drives an air compressor pump and air lines
connect the air compressor pump to the instruments.

These systems include an air pressure gauge to indicate

to the pilot any failure in the instrument system, but
‘once again if visibility is poor, failure of the system can
be critical. While redundant or back-up systems have
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engine, at least one instrument, and means for operably
connecting the instrument to the first pump. The instru-
ment system also includes a second pump and means for
operably connecting the second pump to the electrical
power source of the aircraft. This means includes a
switch which is connected to the means for operably
connecting the instrument to the first pump, the switch
being operable to provide an electrical connection be-
tween the second pump and the electrical power source
in response to a change in air pressure in the means for
connecting the instrument to the first pump. The instru-
ment system also includes a means for operably con-
necting the second pump to the instrument.

The invention also includes a redundant vacuum
system for use in a vacuum operated instrument system
of the type including a first vacuum pump adapted to be

operably connected to an aircraft engine so as to be
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“been employed in other applications such as in steering

systems or fuel feed systems, no simplified or effective

redundant systems of the type of the invention have

been employed in the prior art.

Examples of the prior art back-up system for steering
or fuel supply applications are illustrated in the Lauck
U.S. Pat. No. 3,923,423; the Dunn U.S. Pat. No.
3,921,748; the Schiber U.S. Pat. No. 3,558,239; and the
Dawvis U.S. Pat. No. 2,348,113.

SUMMARY OF THE INVENTION

The present invention provides an improved instru-
ment system for aircraft wherein means are included for
providing an automatic secondary vacuum or air pres-
sure source for the instruments in the event of engine
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failure or failure of the primary vacuum or air pressure -

pump. The secondary source is actuated automatically
- by failure of the primary system and is connected to the
~Instruments iz such a manner as to cause the primary
source to be sealed off from the instruments and air lines
once the secondary system is operational. The second-
~ary system 1s connected directly to the electrical power
-source of the aircraft such that it will be operable even
if there is an engine failure. The system also provides a
secondary attitude indicator which is Operably con-
nected to both the primary vacuum or air pressure
source and the secondary source for operation in the
event of failure of the primary attitude indicator.
More particularly, the invention comprises an instru-
ment system for an aircraft including an engine and an
electrical power source, the instrument system includ-
ing a first pump adapted to be operably connected to
the aircraft engine so as to be driven by the aircraft
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driven by the aircraft engine, at least one vacuum oper-
ated instrument and means for operably connecting the
vaccum operated instrument and the first vacuum

pump. The redundant vacuum system includes a second

vacuum pump and means for operably connecting the
second vacuum pump to the electrical power source of
the aircraft. This means includes a vacuum responsive
switch adapted to be connected to the means for con-
necting the vacuum operated instrument to the first
vacuum pump, the vacuum responsive switch being
operable to provide an electrical connection between
the second vacuum pump and the electrical power
source in response to a decrease in vacuum in the means
connecting the vacuum operated instrument and the
first vacuum pump. The redundant vacuum system also
includes means for operably connecting the second
vacuum pump to the instrument.

One of the features of-the-invention is the further

provision In the means for connecting the second pump

to the electrical source of a manual switch having
contacts intended to be closed after the first vacuum
pump is actuated.

Another of the features of the invention is the provi-
sion in the means for connecting the second vacuum
pump to the instrument of means for preventing con-
nection of the second vacuum pump to the instrument
when the first vacuum pump is operative.

Another of the features of the invention is the provi-
sion of a check valve between the first vacuum source

‘and the instrument and for preventing airflow from the

first vacuum pump to the instrument and a vacuum line
between the check valve and the instrument and
wherein the second vacuum pump is connected to the
vacuum line between the check valve and the instru-
ment.

In one embodiment of the invention, the instrument
comprises an attitude indicator and the invention fur-
ther includes a second attitude indicator, means for
operably connecting the second attitude indicator to the
first vacuum pump, and means for selectively connect-
ing the second attitude indicator to the second vacuum
pump.

The invention also includes a redundant air pressure
means for use in an air pressure operated aircraft instru- -
ment system of the type including a first air compressor
pump adapted to be operably connected to an aircraft
engine so as to be driven by the aircraft engine, at least
one air pressure operated instrument and means for
operably connecting the air pressure operated instru-
ment and the first air compressor pump. The redundant
air pressure system includes a second air compressor
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pump and means for operably connecting the second air
compressor pump to the electrical power source of the
aircraft. This means includes an air pressure responsive
switch adapted to be connected to the means for con-
necting the air pressure operated instrument to the first
air compressor pump, the air pressure responsive switch
being operable to provide an electrical connection be-
tween the second air compressor pump and the electri-
cal power source in response to a decrease in air pres-
sure in the means connecting the air pressure operated
instrument and the first air compressor pump. The re-
dundant air pressure system also includes means for
operably connecting the second air compressor pump to
the instrument. |

One of the features of the invention is the further
provision in the means for connecting the second pump
to the electrical source of a manual switch having
contacts intended to be closed after the first air com-
pressor pump Is actuated. |

Another of the features of the invention is the provi-
sion in the means for connecting the second air com-
pressor pump to the instrument of means for preventing
connection of the second air compressor pump to the
instrument when the first air compressor pump is opera-
tive. |

Another of the features of the invention is the provi-
sion of a check valve between the first air pressure
source and the instrument for preventing airflow from
the instrument to the first air compressor pump, and an
air pressure line between the check valve and the instru-
ment and wherein the second air compressor pump is
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connected to the air pressure line between the check

valve and the instrument. |

In one embodiment of the invention, the instrument
comprises an attitude indicator and the invention fur-
ther includes a second attitude indicator and means for
operably connecting the second attitude indicator to the
first air compressor pump and means for selectively
connectlng the second attitude indicator to the second
alr compressor pump.

Various other features and advantage of the invention
will become apparent by reference to the following
description, claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a vacuum operated
instrument system embodying the present invention.

FIG. 2 is a partial schematic view of the system 1llus-
trated in FIG. 1 and showing the redundant vacuum
pump operably connected to the vacuum ‘operated in-
struments.

FIG. 3 is a schematic view similar to FIG. 1 and
comprising a schematic view of an air pressure operated
instrument system embodying the present invention.

FIG. 4 1s a partial view similar to FIG. 3 but showing
the redundant air compressor pump operably connected
to the air pressure operated instruments.

Betore explaining at least one embodiment of the
invention in detail, it 1s to be understood that the inven-
tion i1s not limited in its application to the details of
construction and the arrangement of the components
set forth in the following description or illustrated in the
drawings. The invention is capable of other embodi-
ments and of being practiced and carried out in various
ways. Also, it 1s to be understood that the phraseology
and terminology employed herein is for the purpose of
description and should not be regarded as hmiting.
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DESCRIPTION OF A PREFERRED
EMBODIMENT

Illustrated in FIG. 1 are a plurality of vacuum oper-
ated instruments of the type commonly employed in
aircraft, these instruments including a heading indicator
10, an attitude indicator 12, and a turn and bank indica-
tor 14. Those instruments are conventional and their
operation will not be described in detail. These instru-
ments are connected by means of vacuum lines or con-
duits 16, 18 and 20, respectively, to a vacuum line 22.
The vacuum line 22 is, in turn, connected by a vacuum
line 24 to a vacuum pump 26. The vacuum pump 26 is
conventional and is adapted to be driven by the aircraft
engine. The vacuum pump 26 generates a vacuum of at
least 5 inches of mercury and causes an airflow through
the vacuum line 22 and 24 of at least 5 cubic feet of air
per minute. The heading indicator 10, the attitude indi-
cator 12 and the turn and bank indicator 14 are also
connected by an air line 30 and conduits 32, 34 and 36,
respectively to an air filter 28, the air filter 28 being
vented to the atmosphere.

Also included is a suction gauge 38 connected to the
air line 30 by a conduit 40 and to the attitude indicator
12 by an air line 42. |

The primary vacuum system described above also
includes a conventional suction relief valve 44 con-
nected to vacuum line 24 and functional to prevent a
vacuum in that line in excess of 5 inches of mercury. If
the vacuum pump 26 draws a vacuum in excess of this
limit, the suction relief valve 44 will bleed air into the
vacuum line 24. Also included is a gate check valve 46
adapted to prevent air flow from the pump 26 into the
vacuurn line 22. The gate check valve 46 is intended to
prevent any damage to the instruments 10, 12 and 14
which might be caused by a sudden air reversal which
could be caused, in turn, by an engine backfire. The use
of the vacuum relief valve 44 and the gate check valve
46 1s conventional and their constructlons will not be
described 1n detail. |

The vacuum system also includes a restrictor valve 48
in the air line 20 for limiting the vacuum at the turn and
bank indicator 14 to 2 inches of mercury.

Means are also included for providing a redundant or
secondary vacuum source for maintaining a vacuum in
the vacuum line 22 despite the failure of the vacuum
pump 26 or failure of one of the elements 44 or 46 or
failure of the aircraft engine. In the illustrated construc-
tion, the secondary vacuum source comprises a vacuum
pump 50 driven by an electric motor connected to the
airplane battery 51. The vacuum pump 50 is connected
to the vacuum line 22 by a vacuum line 52. The vacuum
pump 50 has a construction like that of the vacuum
pump 26 and is also adapted to generate at least a vac-
uum of § inches of mercury in the vacuum line 52. Also
included in the vacuum line 52 is a suction relief valve
54 having the same construction as relief valve 44 and
intended to prevent the vacuum in the vacuum llne 52
from being greater than 5 inches of mercury.

The secondary vacuum system also includes a gate
check valve 56 having a construction like that of check
valve 46 and intended to prevent air flow from the
vacuum line 52 toward the vacuum line 22. In opera-
tion, when the vacuum pump 26 is operating, the vac-
uum in the line 22 will cause the gate valve 56 to close
thereby preventing air flow through the line 52.

Means are also provided for causing electrical con-
nection of the vacuum pump S0 with the airplane bat-
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tery 51 in the event of a drop in the vacuum in the
vacuum line 24 due to failure of the vacuum pump 26 or
failure of the airplane engine. This means for causing
electrical connection includes a vacuum responsive
switch 60 connected to the vacuum line 24. The vacuum
operated switch 60 includes normally open switch
contacts 61 and means for sensing a decrease in the
vacuum in the vacuum line 24. The vacuum operated
switch 60 also includes means for closing the switch
contacts 61 in response to an undue decrease in the
vacuum in vacuum line 24. The circuit also includes a
manually armed switch 62 intended to be closed by the
pilot once the engine 1s started and the pump 26 begins
to operate. This switch 62 1s intended to be left open
when the engine is not running since the vacuum re-
sponsive switch 60 causes the circuit to be closed
thereby actuating secondary pump 50 whenever the
pump 26 is not driven. The circuit can also include a
manual override switch 64 in parallel with switches 60
and 62, the manual override switch 64 being tunctional
to actuate the secondary pump 50 at the election of the
pilot.

In operation of the system described above, during
normal operation, the primary vacuum pump 26 is in-
tended to draw a vacuum in the vacuum lines 24 and 22.
The gate valve 56 prevents air flow through the vac-
uum line 24 and into the vacuum line 22. Once the en-
gine driven vacuum pump 26 is actuated and the switch
contacts 61 of the vacuum responsive switch 60 are
opened, the pilot then moves the manual switch 62 to
the position shown in FIG. 2 thereby closing the
contacts of that switch. In the event that the pump 26
fails, or some other occurrence causes the vacuum in
the vacuum line 24 to decrease, the contacts 61 of the
vacuum responsive switch 60 will close and the second-
ary electrically driven vacuum pump 50 will be driven
by the aircraft battery. The vacuum pump S0 will then
cause an air flow through the vacuum line 52 thereby
opening the gate valve 56 and also causing the gate
valve 46 to close as shown in FIG. 2. In the event the
vacuum responsive switch 60 fails to operate, the pilot
can manually actuate the redundant vacuum pump S0
by closing the manually operable switch 64.

The 1llustrated construction also includes a redundant
or secondary attitude indicator 70 connected to the
vacueum line 22 by a vaccum line 72 and to the air line
30 by a conduit 74. The manual valve 76 is provided in
the line 72 and is functional to permit the pilot to selec-
tively connect the attitude indicator to the vacuum line
72. In the event of failure of the attitude indicator 12,
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opening of the manual control valve 76 will activate the

redundant attitude indicator 70.

Illustrated in FIG. 3 is an alternative embodiment of
the invention illustrated in FIGS. 1 and 2, the alterna-
“tive embodiment including a plurality of air pressure
operated instruments of the type commonly employed
in aircraft, these instruments including a heading indica-
tor 110 and an attitude indicator 112. These instruments
are conventional and their operation will not be de-
scribed in detail. These instruments are connected by
means of air pressure lines or conduits 116 and 118
respectively, to an air pressure line 122. The air pressure
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line 122 is, in turn, connected by an air pressure line 124

to an air compressor pump 126. The air compressor
pump 126 is conventional and is adapted to be driven by
the aircraft engine. The air compressor pump 126, con-
nected to an air filter 128, generates an air pressure of at

65

least 5 inches of mercury and causes an atrflow through

6

the air pressure line 124 and 122 of at least 5 cubic feet
of air per minute. The heading indicator 110, and the
attitude indicator 112 are also connected by an air line
130 and conduits 132 and 134 to the atmosphere.

Also included i1s a pressure gauge 138 connected to
the air line 124 by a conduit 142.

The primary air pressure system described above also
includes a conventional air pressure relief valve 144
connected to air pressure line 124 and functional to
prevent air pressure in that line in excess of 5 inches of
mercury. If the air compressor pump 126 pumps an air
pressure in excess of this limit, the air pressure relief
valve 144 will bleed air out of the air pressure line 124.
Also included i1s a gate check valve 146 adapted to
prevent airflow from air pressure line 124 into the pump
126. The gate check valve 146 is intended to prevent
any damage to the instruments 110 and 112 which might
be caused by a sudden air reversal which could be
caused, 1n turn, by an engine backfire. The use of the air
pressure relief valve 144 and the gate check valve 146 1s
conventional and their constructions will not be de-
scribed 1n detail.

Means are also included for providing a redundant or
secondary air pressure source for maintaining air pres-
sure in the air pressure line 122 despite the failure of the
air compressor pump 126 or failure of one of the ele-
ments 144 or 146 or failure of the aircraft engine. In the
illustrated construction, the secondary air pressure
source comprises an air pressure pump 130 driven by an
electric motor connected to the airplane battery 151.
The air compressor pump 150 1s connected to the air
pressure line 122 by an air pressure line 152. The air
compressor pump 150 has a construction like that of the
air compressor pump 126 and is also adapted to generate
an air pressure of at least 5 inches of mercury in the air
pressure line 152. Also included in the air pressure line
152 is an air pressure relief valve 154 having the same
construction as relief valve 144 and intended to prevent
the air pressure in the air pressure line 152 from being
greater than 5 inches of mercury.

The secondary air pressure system also includes a
gate check valve 156 having a construction like that of
check valve 146 and intended to prevent air flow from
the air pressure line 122 toward the air pressure line 152.
In operation, when the air compressor pump 126 1s
operating, the air pressure in the line 122 will cause the
gate valve 156 to close thereby preventing air flow
through the line 152.

Means are also provided for causing electrical con-
nection of the air compressor pump 150 with the air-
plane battery 151 in the event of an undue decrease in
the air pressure in the air pressure line 124 due to failure
of the air compressor pump or failure of the airplane
engine. This means for causing electrical connection
includes an air pressure responsive switch 160 con-
nected to the air pressure line 124. The air pressure
operated switch 160 includes normally open switch
contacts 161 and means for sensing a decrease 1n the air
pressure in the air pressure line 124. The air pressure
operated switch 160 also includes means for closing the
switch contacts 161 in response to an undue decrease in
the air pressure in air pressure line 124. The circuit also
includes a manually armed switch 162 intended to be
closed by the pilot once the engine is started and the
pump 126 begins to operate. This switch 162 is intended
to be left open when the engine is not running since the
air pressure responsive switch 160 causes the circuit to
be closed thereby actuating secondary pump 150 when-



ever the air compressor 126 is not driven. The circuit
can also include a manual override switch 164 in paral-
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connecting the vacuum operated instrument to the first

- vacuum pump and providing electrical connection be-

lel. with switches 160 and 162, the manual override

switch 164 being functional to actuate the secondary air
compressor 150 at the election of the pilot.

In operation of the system described above, during

~ normal operation, the primary air compressor pump 126 - -

is intended to create air pressure in the air pressure lines

124 and 122. The gate valve 156 prevents air flow out of

the air pressure line 124 and out of air pressure line 122.
- Once the engine driven air compressor pump 126 1s
actuated and the switch contacts 161 of the air pressure
- responsive switch 160 are opened, the pilot then moves
the manual switch 162 to the position shown in FIG. 4
thereby closing the contacts of that switch. In the event
that the air compressor 126 fails, or some other occur-
rence causes the air pressure in the air pressure line 124
to decrease, the contacts 161 of the air pressure respon-
sive switch 160 will close and the secondary electrically
driven air compressor pump 150 will be driven by the
aircraft battery. The air compressor pump 150 will then
cause an air flow through the air pressure line 152
thereby opening the gate valve 156 and also causing the

gate valve 146 to close as shown in FIG. 4. In the event

the air pressure responsive switch 160 fails to operate,
the pilot can manually actuate the redundant air com-
pressor pump 150 by closing the manually operable
switch 164. |

The construction illustrated in FIGS. 3 and 4 also
includes a redundant or secondary attitude indicator
170 connected to the air pressure line 122 by air pres-
“sure line 172 and to the air line 130 by a conduit 174.
The manual valve 176 is provided 1n the line 172 and is
functional to permit the pilot to alternatively and selec-
tively connect the attitude indicator 170 to the air pres-
sure line 122. In the event of failure of the attitude indi-
cator 112, opening of the manual control valve 176 will
- activate the redundant attitude indicator 170.
‘The construction illustrated in FIGS. 3 and 4 also .
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includes a sw1tchmg means 180 for removing the load of 40

the redundant air pump 150 from the aircraft’s electrical
circuits during those brief intervals when the landing
gear transit motor 182 is in operation. This switching
means 180 which prevents a possible temporary over-
load condition 1n the aircraft electrical system com-
prises a normally closed switch  which opens only dur-
ing the five to eight second operation of the landing
gear transit motor 182. While the switching means 180
has been described in connection with the embodiment
of the invention shown in FIGS. 3 and 4, it could also be
employed in the embodiment shown 1in FIGS. 1 and 2.

Various features of the invention are set forth in the
following claims. | |

I claim: |

1. A redundant vacuum system for use in a vacuum
operated instrument system of an aircraft, the aircraft
including an engine and an electrical power source, the
vacuum operated instrument system including a first
vacuum pump operably connected to the aircraft engine
so as to be driven by the aircraft engine, at least one
vacuum operated instrument, and means for operably
connecting the vacuum operated instrument to the first
vacuum pump, the redundant vacuum system including
a second vacuum pump, means for operably connecting

the second vacuum pump to the electrical power source

- of the aircraft, said means for operably connecting the
second vacuum pump including a vacuum responsive
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switch means connected to said means for operably

tween said second vacuum pump and said electrical

power source in response to a decrease in vacuum in
said means for operably connecting said vacuum oper-
ated vacuum instrument to the first vacuum pump, and

means for operably connecting said second vacuum
pump to said instrument. | -

2. A redundant system as set forth in clalm 1 wherein
the means for connecting the second vacuum pump to

the instrument includes means for preventing connec-
tion of the second vacuum pump to the instrument

when the first vacuum pump is operating.

3. A redundant vacuum system as set forth in claim 1
wherein the means for connecting the instrument and
the first vacuum pump includes a check valve between
the first vacuum pump and the instrument for prevent-
ing air flow from the first vacuum pump to the instru-
ment and a vacuum line between the check valve and
the instrument, and wherein said second vacuum pump

1s connected to said vacuum line between said check
- valve and said instrument.

4. A redundant system vacuum system as set forth in
claim 1 wherein the instrument comprises an attitude
indicator, and further including a second attitude indi-
cator, means for operably connecting the second atti-
tude indicator to the first vacuum pump, and means for

- selectively connecting the second attitude indicator to

the second vacuum pump.

5. A redundant vacuum system as set forth in clalm 1
wherein the means for providing electrical connection
between the second vacuum pump and said electrical
power source includes a normally open switch and

means responsive to a decrease in vacuum generated by
said first vacuum pump far closing said normally open
switch.

6. A redundant vacuum system as set forth in claim 1
wherein the means for connecting the second pump to
the electrical source further includes a manual switch
having contacts intended to be closed after the ﬁrst
vacuum pump is operable. |

7. An instrument system for an aircraft including an
engine and an electrical power source, said instrument
system including a first vacuum pump adapted to be
operably connected to the aircraft engine so as to be
driven by the aircraft engine, at least one vacuum oper-
ated instrument, means for operably connecting said
vacuum operated instrument to said first vacuum pump,
a second vacuum pump, means for operably connecting
saild second vacuum pump to the electrical power
source of the aircraft and including a vacuum respon-
sive switch means connected to said means for operably
connecting the vacuum operated instrument to the first
vacuum pump and said electrical power source in re-
sponse to a decrease in vacuum in said means for opera-

- bly connecting said vacuum operated instrument to said

first vacuum, and means for operably connecting said
second vacuum pump to satd instrument.

8. A redundant vacuum system as set forth in claim 7
wherein the means for connecting the second vacuum
pump to the instrument includes means for preventing
connection of the second vacuum pump to the instru-
ment when the first vacuum pump is operating.

9. A redundant vacuum system as set forth in claim 7
wherein the means for connecting the instrument and
the first vacuum pump includes a check valve between
the first vacuum pump and the instrument for prevent-
ing air flow from the first vacuum pump to the instru-
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ment and a vacuum line between the check valve and
the instrument, and wherein said second vacuum pump
1s connected to said vacuum line between said check
valve and said instrument. ' |

10. A redundant vacuum system as set forth in claim
7 wherein the instrument comprises an attitude indica-
tor, and further including a second attitude indicator
and means for operably connecting the second attitude

indicator to the first vacuum pump, and means for selec-

tively connecting the second attitude indicator to the
second vacuum pump.

11. A redundant vacuum system as set forth in claim |
7T wherein the means for providing electrical connection

between the second vacuum pump and said electrical
power source includes a normally open switch and
means responsive to a decrease in vacuum generated by
sald first vacuum pump for closing said normally open
switch. |

12. A redundant vacuum system as set forth in claim
7 wherein the means for connecting the second pump to
the electrical source further includes a manual switch
having contacts intended to be closed after the first
vacuum pump 1s operable.

13. A redundant air pressure system for use in a air
pressure operated instrument system of an aircraft, the
aircraft including an engine and an electrical power
source, the air pressure operated instrument system
including a first air compressor pump operably con-
nected to the aircraft engine so as to be driven by the
aircraft engine, at least one air pressure operated instru-
ment, and means for operably connecting the air pres-
sure operated instrument to the first air compressor
~pump, the redundant air compressor system including a
second air compressor pump, means for operably con-
necting the second air compressor pump to the electri-
“cal power source of the aircraft, said means for operably

connecting the second air compressor pump including

an air pressure responsive switch means connected to
sald means for operably connecting the air pressure
operated instrument to the first air compressor pump
and providing electrical connection between said sec-
ond atr compressor pump and said electrical power
source In response to a decrease in air pressure in said
means for operably connecting said air pressure oper-
ated air pressure instrument to the first air compressor
pump, and means for operably connecting said second
alr compressor pump to said instrument.

14. A redundant air pressure system as set forth in
claim 13 wherein the means for connecting the second
air compressor pump to the instrument includes means
for preventing connection of the second air compressor
pump to the instrument when the first air compressor
pump 1s operating.
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15. A redundant air pressure system as set forth in |

claim 13 wherein the means for connecting the instru-
ment and the first air compressor pump includes a check
valve between the first air compressor pump and the
imstrument for preventing air flow from the instrument
to the first air compressor pump and an air pressure line
between the check valve and the instrument, and
wherein said second air compressor pump is connected
to said air pressure line between said check valve and
sald instrument.

16. A redundant air pressure system as set forth in
claim 13 wherein the instrument comprises an attitude
indicator, and further including a second attitude indi-
cator and means for operably connecting the second
attitude indicator to the first air compressor pump, and

35

60

65

10

means for selectively connecting the second attitude
indicator to the second air compressor pump.

17. A redundant air pressure system as set forth in
claim 13 wherein the means for providing electrical
connection between the second air compressor pump
and said electrical power source includes a normaily
open switch and means responsive to a decrease in air
pressure generated by said first air compressor pump for
closing satd normally open switch.

18. A redundant air pressure system as set forth in
claim 13 wherein the means for connecting the second
pump to the electrical source further includes a manual
switch having contacts intended to be closed after the
first air pressure pump is operable.

19. An instrument system for an aircraft including an
engine and an electrical power source, said instrument
system including a first air pressure pump adapted to be
operably connected to the aircraft engine so as to be
driven by the aircraft engine, at least one air pressure
operated instrument, means for operably connecting
said air pressure operated instrument to said first air
compressor pump, a second air compressor pump,
means for selectively operably connecting said second
air compressor pump to the electrical power source of
the aircraft and including an air pressure responsive
switch means connected to said means for operably
connecting the air pressure operated instrument to the
first air compressor pump and said electrical power
source in response to a decrease in air pressure in said
means for operably connecting said air pressure oper-
ated instrument to said first air pressure, and means for
selectively connecting said second air compressor pump
to said instrument.

20. A redundant air pressure system as set forth in
claim 18 wherein the means for connecting the second
air compressor pump to the instrument includes means

- for preventing connection of the second air compressor

pump to the instrument when the first air compressor
pump is operating.

21. A redundant air pressure system as set forth in
claim 18 wherein the means for connecting the instru-
ment and the first air pressure pump includes a check
valve between the first air compressor pump and the
instrument for preventing air flow from the intrument
to the first air compressor pump and an air pressure line
between the check valve and the instrument, and
wherein said second air compressor pump 1s connected
to said air pressure line between said check valve and
said instrument.

22. A redundant air pressure system as set forth in
claim 18 wherein the instrument comprises an attifude
indicator, and further including a second attitude indi-
cator and means for operably connecting the second
attitude indicator to the first air compressor pump, and
means for selectively connecting the second attitude
indicator to the second air compressor pump.

23. A redundant air pressure system as set forth in
claim 18 wherein the means for providing electrical
connection between the second air compressor pump
and said electrical power source includes a normally
open switch and means responsive to a decrease 1n air
pressure generated by said first air compressor pump for
closing said normally open switch.

24. A redundant air pressure system as set forth in
claim 18 wherein the means for connecting the second
pump to the electrical source further includes a manual
switch having contacts intended to be closed after the

first air compressor pump is operable.
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